June 2002 
LS.S.N: 12084 


The Egyptian Journal of Hospital Medicine Vol., 7 : 76 — 86 


Sildenafil Citrate ( Viagra) effect on the pattern of controlled 
hypotension induced by sodium nitroprusside or nitroglycerin 


Mona M. Radwan and Nemat El Baz Mohamed 
Department of Pharmacology, Faculty of Medicine for Girls Al-Azhar 
University, Cairo 


Abstract: 

Oral sildenafil Citrate (viagra) is an effective treatment for erectile dysfunction 
(ED) . There are reports of serious hypotension when sildenafil citrate is given to 
patients taking certain vasodilators . This study was designed to assess the effects of 
sildenafil citrate (viagra) therapy on the dose, efficacy and safty of LV. infusion of 
nitrovasodilators; sodium nitroprusside or nitroglycerin, to induce controlled "delibrate" 
hypotension (55-60 mmHg). Sodium nitroprusside (SNP; 1 / ug/kg/min) or nitroglycerin 
(NTG. 2ug/kg/min.) was intravenously given to induce hypotension in control cats and 
in cats treated with sildenafil (1.9 mg/kg) single oral dose. Some heamodynamic 
variables; mean arterial blood pressure "MAP" and "ECG" pattern, were monitored. 

In control groups it was found that, ( SNP) infusion achieved a rapid induction 
of controlled hypotension accompanied by reflex hypertension after drug infusion 
discontinuation. However, (NTG) infusion failed to decrease the (MAP) to the target 
level, and upon discontinuation of its infusion, return of arterial blood pressure to 
control values, was moderately slower. Comparison between the effect of the two 
drugs revealed a significant difference in mean arterial blood pressure after infusion. 

Treatment with sildenafil citrate (viagra) , augmented the (MAP) reduction 
caused by (SNP), and improved the lack of potency of (NTG) induced hypotension . 
Comparison between the effect of the two drugs revealed a significant difference 
during drug infusion, and after drug infusion discontinuation. Doses of (SNP) or 
(NTG) required to induce delibrate hypotension in groups treated with sildenafil were 
decreased when compared to that in control groups. 

Sodium nitroprusside (SNP) infusion induced increase in the mean heart rate 
(HR) without ECG changes in control or treated groups. Sildenafil citrate treatment 
increased significantly the initial HR in comparison to control group. In contrast, 
nitroglycerin (NTG) infusion, did not change significantly the (HR) in control group. 
However, in sildenafil citrate treated group, (NTG) infusion induced significant increase 
in the HR throughout the study , and there was also changes in. PR QRS, and QT 
interval in one case. 


Introduction: 
Induced "controlled, deliberate" 
hypotension, as an adjunct to anest - 


technique of induced hypotension. 
Sodium nitroprusside (SNP) and 


hesia, is frequently used to minimize 
blood loss and to improve the quality of 
the surgical field (Sivarajan et al., 
1980). Cottrell et al. (1980) reported 
that, most reviews suggests an MAP of 
50-60 mmHg, as the lower limit of 
blood pressure while using the 
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nitroglycerin (NTG) have been used to 
induce hypotension because they are 

rapid in onset and have short duration 
of action ( Friederich and Butterworth, 
1995) . The vasodilator effect of both 
(SNP) and (NTG) is mediated by a 
release of nitric oxide (NO), which 
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diffuses into vascular smooth muscle 
and mediates vasodilation by 
stimulating soluble guanylate cyclase to 


produce guanosine 3'-5 cyclic 
monophosphate (cGMP) , thereby 
causing smooth muscle relaxation 


(Ignarro et al. 1983 and Ignarro, 1989) . 
cGMP and cAMP are inactivated by 
phosphodiesterases by hydrolytic cleav 
-age of the 3'-ribosephosphate bond. 
More than nine different families and 
subfamilies of ^ phosphodiesterases; 
phosphodiesterase PDE2, PDE3. 
PDEA, PDES that differ in their spec - 
ificity, have been identified ( Kuthe et 
al.,1999). Beavo, (1995) reported that 
type 5 phosphodiesterase (PDES) is 
abundant in human circulation. 

The introduction of effective 
oral treatment of erectile dysfunction 
(ED) by means of agents with a 
peripheral (sildenafil) or central 
(apomorphine) site of action has 
occurred as a result of active research 


on the mechanisms of erection 
(Anderson, 1993, | Anderson and 
Wagner,1995, McKenna, 1998). 


Sildenafil citrate "viagra", which has 
been recently introduced into clinical 
practice for the treatment of erectile 
dysfunction, is a selective inhibitor of 
type 5 phosphodierterase (Jeremy et 
al.,1997) . After oral administration, 
Moreland, et al. (1999) found that 
blood sildenafil level peaked in 60-120 
minutes, and its plasma half-life was 
estimated to be 4-4.5 hours. The effects 
of sildenafil are in part mediated by 
enhancing the action of nitric oxide and 
accompanied by a fall in systemic 
blood pressure (Mahmud et al., 2001). 
The blood pressure-lowering effect of 
sildenafil did not differ significantly in 
the normotensive and hypertensive 
patients (Vardi et al., 2002). 

Therefore , there may be a 
potential interaction between sildenafil 
and (NO) donors, used for induction of 


controlled hypotension. So, this study 
was designed to evaluate the effects of 
sildenafil citrate treatment on some 
(SNP) and (NTG) heamodynamics in 
cats; mean arterial blood pressure 
(MAP) and ECG pattern. 


Materials And Methods: 

Drugs used in this study were: 
sildenafil citrate (Viagra 50 mg tablet; 
Pfizer, Egypt), sodium Nitroprusside 
dihydrate (Nipride 50 mg vial ; 
Warwick U.K.), and Nitroglycerin 
(Tridil 5 mg /ml vial, Merck pharma). 

Doses corresponding to human 
therapeutic doses were calculated 
according to the method reported by 
Paget and Barnes (1964) and statistical 
analysis of the data was performed by 
student "t" test of significance. 

Mean arterial pressure (MAP) = 
diastolic + (systol-diastol/3) mmHg. 
Heart rate ( beats/min.) was also 
calculated from the recorded ECG. 


Methods: 

Four groups of cats, each of six 
animals were used. The first group was 
treated with intravenous infusion 
(LV.L) of sodium nitroprusside (1 
ug/kg/min.), and the second group 
with LVI. of nitroglycerin (2 
ug/kg/min.) Both infusions were 
titrated as needed to achieve the target 
(MAP) 55-60 mmHg. Heamodynamic 
informations collected for both drugs 
included MAP ; before, during , and 
after drug infusion discontinuation, drug 
requirement ( ug/kg), and ECG ( lead II) 
changes. These two groups were 
considered as control groups . 

The third and fourth groups were 
treated with sildenafil citrate " viagra" 
(1.9 mg/kg) single oral dose one hour 
before experiment. Animals in the third 
group were given (SNP), and the fourth 
group were given (NTG), in the same 
way mentioned in the first and second 
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groups. The same parameters mentioned 
above were recorded and compared 
with that of the control groups. 


Results: 
Effect on mean arterial pressure 
(MAP): 

Sodium nitroprusside (SNP) was 
successful and rapid in achieving a 
significant decrease in the MAP to the 
target level (55-60 mmHg) from base 
line values as shown in (Table 1 , Figs. 
1,2). Rapid return of blood pressure 
with reflex increase was observed after 
its infusion discontinuation. The 
average dose required to induce the 
decrease in blood pressure was 300-350 
ug/kg On the other hand (NTG) 
infusion showed a slow decrease and 


failed to induce the target decrease in 
the MAP ( Table 1, Figs. 1,3). Slow 
repound of blood pressure without 
reflex hypertension after (NTG) 
infusion discontinuation, was observed . 
The average dose required to induce 
the decrease in blood pressure was 200- 
400 ug/kg. Table 1 and Fig. 1 shows the 
comparison between (SNP) and (NTG) 
effects on mean arterial pressure . 

Sildenafil citrate "viagra" (1.9 
mg/kg) oral treatment, augmented 
significantly the decrease in MAP 
induced by (SNP) or (NTG) infusion 
(Table 2 , Figs. 4,5,6). Fig. (7) shows 
the mean arterial pressure of (SNP) and 
(NTG) in control and sildenafil treated 
groups. 

















Table (1): Mean arterial pressure (MAP) mmHg + SEM values before, during, and after discontinuation 
of SNP (lug/kg/min.) or NTG (2 ug/ kg/ min.) infusion, in control cats. 
Mean arterial pressure (MAP) mmHg + SEM Drug 
Group Before During infusion After infusion requirement to 
infusio 1 min. 2 min. 3 min. 2 min. 4 min. 8 min. induce 
n hypotension 
SNP 
Mean 
82.5 55.5* 54.75* 53.75* 61.75* 81.25 90.5* 300-350 ug/kg 
+ SEM 
0.96 1.85 0.48 0.48 1.11 2.75 1.26 
NTG 
Mean 
xO xo xO xO *o xO 2 
+ SEM 84 73.25 68 63.25 67.75 71.5 75.15 200-400 ug/kg 
0.82 1.44 1.1 1.25 1.32 1.32 1.49 





























* Significant difference between the MAP values caused by SNP or NTG in comparison to the initial values. 


? Significant difference between the MAP caused by NTG when compared to that caused by SNP. 
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Figure ( 1): Mean arterial pressure (MAP) mmHg x SEM values before, 
during, and after discontinuation of SNP ( 1 ug/ kg/ min. or NTG( 2 ug/ kg/ 
min.) infusion, in control cats 
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Fig. (2) : Controlled hypotension induced by 
sodium nitropresside (SNP) (1 ug/kg/min.) 
infusion in control cats. 


Fig. (3) : Controlled hypotension induced by 
nitroglycerin (NTG) ( 2 ug/kg/min.) 
infusion in control cats. 
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Table (2): Mean arterial pressure (MAP) mmHg + SEM values before, during, and 
after discontinuation of SNP (lug/kg/min.) or NTG (2 ug/ kg/ min.) 


infusion, in sildenafil citrate *viagra" (1.9mg/kg) treated cats. 

















Mean arterial pressure (MAP) mmHg + SEM Drug 
Group Before During After drug discontinuation requirement to 
infusion infusion | 2 min. 4 min. 8 min. induce 
1 min. hypotension 
SNP 
Mean 82.25 23.5* 63.25* 81.75 97.5% 60-70 ug/kg 
=e 1.18 0.87 225 225 0.87 
NTG 
Mean 
84.5 56*? 62* 71.25*° 80.25*° 100-200ug/kg 
+ SEM 
1.26 0.58 1.08 1.25 0.63 























* Significant difference between the MAP values caused by SNP or NTG in comparison to the 
initial values. 


° Significant difference between the MAP caused by NTG when compared to that caused by SNP 
































Fig. (4): Mean arterial pressure (MAP) mmHg + SEM values before, 
during, and after discontinuation of SNP (1 ug/ kg/ min.) or NTG (2 ug/ 
kg/ min.) infusion, in sildenafil citrate " viagra" (1.9mg/kg) 
treated cats 
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Fig. (5): Controlled hypotension induced by ( SNP) ( lug/kg/min.) infusion in sildenafil 


citrate "viagra" ( 1.9 mg/kg) single oral dose treated cats. 
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Fig. (6) : Controlled hypotension induced by (NTG) ( 2ug.kg/min.) infusion in sildenafil 
citrate "Viagra" (1.9 mg/kg) single oral dose treated cats. 





Fig. (7): Mean arterial pressure (MAP) mmHg + SEM values before, 
during, and after discontinuation of SNP ( 1 ug/ kg/ min.) or NTG ( 2 ug/ 
kg/ min.) infusion, in control and sildenafil citrate ( 1.9 mg/kg) pretreated 
cats: 
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Effect on heart rate (HR) and ECG 
pattern 

In control groups (SNP) infusion 
induced significant reflex increase in 
(HR), in contrast to (NTG) infusion 
which caused insignificant change in 
(HR). Normal PR, QRS, and ST pattern 
were recorded in both groups (Table 3, 
Fig. 8). 

Sildenafil 


citrate treatment 


caused significant increase in the initial 


Table (3): 





(HR) of (SNP ) and (NTG) groups . In 
(SNP) group there was no change in 
(HR) throughout the infusion. 
However, in (NTG) group sildenafil 
treatment caused significant increase 
in (HR) (Table 3, Fig. 8 ). There was 
also changes in PR , QRS and QT 


intervals in one case. 


Effect of treatment with Sildenafil citrate (viagra) (1.9mg/kg) on mean 


heart rate (HR) beats/min, + SEM caused by SNP (1ug/kg/min) or NTG 
(2ug/kg/min) infusion. 























Groups Mean HR + SEM Changes 
Initial during target after drug 
Arterial pressure discontinuation 
Control 
SNP 300 € 7.1 430 ± 7.1* 375 € 7.]* Normal RR, QRS, ST 
NTG 300 € 7.1 310 x 7.1? 300 + 7.1? Normal RR, QRS, ST 
Sildenafil 
treated 
SNP 335 x 7.1* 430 ± 7.1* 375 x 7,1* ormal RR, QRS, ST 
NTG 325+7.1° 355 47,1] *?e 345 + 7.]?e PR (0.06sec), j QRS 
(0.04sec), prolonged QT 
interval in one case 
*Significant difference between the mean HR values caused by SNP or NTG in comparison to the initial values. 


? Significant difference between the mean HR values caused by NTG when compared to that caused by SNP. 


* Significant difference in mean HR of cats in treated groups when compaired to that in control groups 








Fig. (8)Effect of treatment with Sildenafil citrate (viagra) 
(1.9mg/kg) on mean heart rate (HR) beats/min, 
+ SEM caused by SNP (1ug/kg/min) or NTG Qug/kg/min) 
infusion.: 
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Discussion: 

Nitric oxide doners; (SNP) and 
(NTG), are often used to induce 
deliberate hypotension. However, each 
drug alone is associated with its own 
limitations, such as cyanide poisoning 
with (SNP) large doses (Friederich and 
Butterworth, 1995), and lack of potency 
with (NTG) (Porter et al., 1986). 

This study demonstrated that 
(SNP) infusion was successful in 
achieving the target decrease in (MAP). 
However this effect was accompanied 
by rebound hypertension after abrupt 
discontinuation of its infusion. In 
contrast, (NTG) infusion failed to 
decrease the blood pressure to the target 
level, and upon discontinuation of its 
infusion, return of arterial pressure to 
control values was moderately slower. 
This results shows conformity with the 
study of Yaster et al. (1986) who 
reported that (SNP) was the agent of 
choice for the reliable and sustained 
induction of deliberate hypotension, 
however, (NTG) was ineffective as an 
agent to produce rapid predictable and 
sustained decrease in arterial pressure 
below 55 mmHg. The authors 
attributed the effect of (SNP) to its 
action on both resistance and 
capacitance vessels, whereas (NTG) is 
thought to affect primarily the venous 
capacitance vessel. 

Sildenafil citrate "viagra"; 
phosphodiesterase type 5-inhibitor, is 
currently used to treat erectile 
dysfunction (ED) in millions of 
patients (Goldstein et al, 1998). 
Previously, a synergistic interaction 
between sildenafil and (NO) doners , 
has indeed been demonstrated in 
isolated human vessels (Medina et 
al.,2000), in patients with stable angina 
(Webb et al., 2000), as well as in isola - 
ted rabbit aorta (Wallis et al.,1999). 

In the present study, we investi - 
gated the effect of sildenafil treatment 


on (SNP) and (NTG) induced hypote - 
nsive effect. The results demonstrated 
that, sildenafil treatment augmented the 
effect of (SNP) infusion and caused 
life-threatening hypotension within one 
minute. In contrast, the lack of potency 
of (NTG) infusion, was significantly 
enhanced by sildenafil. The dose 
required to induce hypoten -sion by 
both drugs was reduced. 

The most common adverse events 
of sildenafil such as headache and 
hypotension, results from its vasodila - 
ting properties (Rosenkranz | and 
Erdmann, 2001) . The authors reported 
that, the concomitant use of sildenafil 
and organic nitrates is contraindicated 
because it may lead to a potentiation of 
the decrease in blood pressure and 
cause life-threatening hypotension. 
Sakuma et al. (2002) reported also that, 
the relaxant effect of the vasodilators 
with an (NO) donor property, was 
significantly enhanced, and the cGMP 
level of the tissue was elevated, after 
adding sildenafil . Sildenafil alone 
increased the plasma cGMP concentr - 
ations (37%-40% over the basal) which 
was augmented by (SNP) (60 %) over 
the value achieved by sildenafil alone 
(Yoo et al., 2002) A synergistic 
interaction between (NTG) and 
sildenafil was also observed in consci - 
ous chronically instrumented dogs by 
Schwemmer et al. (2001) . The intera - 
ction between sildenafil and (NTG) , 
furthermore, was not affected by the 
route of administration of the two 
drugs (Webb et al., 2000). 

With regards to the effect of 
(SNP) or (NTG) infusion on the ECG of 
cats in the present study, (SNP) 
exhibited significant reflex increase in 
(HR) of cats in both control and treated 
groups, whereas sildenafil increased 
significantly only the initial (HR) in the 
treated group. In contrast (NTG) 
induced insignificant effect in (HR) of 
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cots in the control group, while in 
sildenafil treated group, (NTG) infusion 
increased — signifciantly the (HR) 
throughout the study . Phillips et al. 
(2000) have demo  -nstrated that 
sildenafil increases the sympathetic 
neural activity in humans. 

It is likely that the increase in the 
initial (HR) of cats induced by sildenafil 
may reflect a positive inotropic effect, 
induced by sildenafil therapy (Yoo et 
al.,2002). Furthermore this tachycardia 
can be explained by an acute activation 
of the baroreflex control mechanism, 
which follows the decrease of blood 
pressure and buffers it around the new 
level of set point (Young et al.,1984). 

In conclsuion sildenafil citrate 
"viagra, which has been recently 
introduced into clinical practice for 
treatment of erectile dysfunction, is a 
selective inhibitor of type 5-phospho - 
diesterase. Sodium nitroprusside (SNP) 
and nitroglycerine (NTG), are often 
used to induce deliberate hypote -nsion 
(50-60 mmHg). However, each drug is 
associated with its own limitat -ions as 
cyanide poisoning with (SNP) large 
doses, and lack of potency with (NTG). 
The vasodilator effect of (SNP) or 
(NTG) is mediated by the release of 
(NO) which mediates vasodilation by 
stimulating the production of cGMP . 
Therefore ,there may be a potential 
interaction between sildenafil and (NO) 
doners in the systemic circulation where 
type 5 phosphodiesterase 15 abundant. 

We observed that, (SNP) induced 
hypotension was augmented by 
sildenafil, and the lack of potency 
(disadvantage) with (NTG) was impro - 
ved. The doses of both drugs required to 
induce deliberate hypotension was 
decreased after sildenafil treatment . 

So we suggest that the use of 
sodium nitroprusside to induce hypote - 
nsion during anesthesia in combination 
with sildenafil can be limited by the 


risk of marked vasodilation unless the 
dose is decreased and hence the 
potential for cyanide toxicity. In 
contrast, the concomitant use of 
sildenafil and (NTG) may improve the 
decrease in blood pressure caused by 
(NTG) infusion. 
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تأثير دواء سترات السلندافيل "الفياجرا" على نغوذج خفض الدم المقنن الحدث بالصوديوم 
نيتروبروسيد أو النيعروجلسرين 


مى محمد رضوان ونعمت الباز محمد 
قسم الفارما كولوجى - كلية طب البنات - جامعة الأزهر - القاهرة 


تم فى هذا البحث دراسة تأثير دواء سترات السلندافيل "الفياجرا" على فاعلية موسعات الأوعية "صوديوم 
نيتروبروسيد والنيتروجلسرين" فى إحداث حفض الدم المقنّن فى القطط باستخدام جرعات aiU‏ للمستخدمة إكلينيكياً 
لقياس التغير 3 متوسط ضغط الدم وسرعة ضربات القلب. 

استخدم فى هذا البحث أربعة مجموعات من القطط كل منها تحتوى على ست قطط المجموعتان الأولى والثانية 
cole gat)‏ مرجع للمقارنة) عوطحت بالصوديوم نيتروبروسيد والنيتروجلسرين لإحداث خحفض فى ضغط الدم إلى 55- 
60مم زئبق. أما المجموعتان الثالثة والرابعة فقد أعطيت دواء الفياحرا عن طريق الفم قبل التجربة بساعة واحدة ثم تم 
ملاحظة تأثير كلاً من "الصوديوم نيتروبروسيد والنيتروجلسرين" وما حدث من تغير فى فاعلية كل منهم. 

استخلص من هذا البحث أن حفض الضغط till‏ ممكن إحداثه بكفاءة بواسطة الصوديوم نيتروبروسيد مع 
حدوث مضاعفات ارتفاع الضغط وسرعة ضربات القلب كرد فعل لاستخدامه. على العكس من ذلك فإن 
النيتروحلسرين لم يحدث الفاعلية المطلوبة للوصول للمستوى a)‏ المطلوب علاوة على الرجوع البطئ فى ضغط الدم 
وعدم التغير فى ضربات القلب وذلك فى Sle pot‏ المقارنة. 

فى حال استخدام الفياجرا المسبق» فقد بينت التجارب أن الفياجرا قد أحدثت تأثير زائد وحطر ف فاعلية 
الصوديوم نيتروبروسيدء أما النيترو حلسرين فقد أحدثت الفياجرا زيادة فى كفاءته إلى الحد المطلوب لإحداث حفض 
ضغط الدم. بالإضافة إلى ذلك فإن استخدام الفياحرا col‏ إلى حفض الجرعات المستخدمة فى كلا من الدوائين. 

نستخلص من ذلك أنه فى حال الاستخدام المسبق للفياحرا مع الاستعانة موسعات الأوعية "الصوديوم 
نيتروبروسيد أو النيتروجلسرين" لإحداث خفض دم مقنن أثناء العمليات فإنه يحب خفض جرعة الصوديوم 
نيتروبروسيد لتفادى حدوث مضاعفات شديدة فى ضغط الدم. على العكس من ذلك يفضل استخدام النيتروجلسرين 
لتحسن كفاءته علاوة على استخدام جرعات صغيرة منه. 
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